Purpose: This study examined associations between knowledge of sugar-sweetened beverage (SSB)-related health conditions and SSB intake among US adults. Design: Quantitative, cross-sectional study.
Purpose
The prevalence of obesity remains high among US adults. Based on the 2013-2014 National Health and Nutrition Examination Survey, 38% of US adults were classified as obese (body mass index [BMI] 30 kg/m 2 ). 1 Frequent consumption of sugarsweetened beverages (SSBs) (eg, one or more times per day) is linked to adverse health consequences in adults including obesity, 2-4 type 2 diabetes, 4-6 cardiovascular disease, 7,8 dental caries, 9 hypertension, 10 dyslipidemia, 11, 12 and asthma. 13 Based on the 2015-2020 Dietary Guidelines for Americans, SSBs are defined as "liquids that are sweetened with various forms of added sugars. These beverages include, but are not limited to, soda (regular, not sugar-free), fruitades, sports drinks, energy drinks, sweetened waters, and coffee and tea beverages with added sugars." 14 In 2011-2014, 49.3% of US adults reported consuming at least 1 SSB on a given day, and mean caloric intake from SSBs was 145 kcal/d among US adults. 15 Additionally, SSBs are significant contributors of added sugars in the diet of US adults, 16 and the 2015-2020 Dietary Guidelines for Americans recommend that calories from added sugars should be less than 10% of total daily caloric intake. 14 Individual knowledge and health literacy, perception, attitudes, and societal norms can influence obesity and weight-related behaviors, such as SSB consumption. [17] [18] [19] [20] [21] Although previous studies explored relationships between healthrelated knowledge and SSB consumption among adults, types of health-related knowledge examined varied widely among studies and findings are somewhat mixed. 18, 19, [21] [22] [23] The objectives of this study were to better understand knowledge of SSBrelated health conditions and to examine whether knowledge is associated with SSB consumption after adjusting for sociodemographic characteristics among US adults.
Methods

Sample and Survey Administration
This cross-sectional study was based on the SummerStyles survey led by Porter Novelli during summer 2014. SummerStyles is an online survey of a panel sample of US adults (18 years of age) designed to assess a wide variety of health-related attitudes, knowledge, behaviors, and conditions surrounding important public health issues. The survey participants were selected from GfK's Knowledge Panel, which is a large-scale online panel using address-based sampling methods. If necessary, a computer and Internet access are provided to households. This analysis was exempt from the Centers for Disease Control and Prevention (CDC) institutional review board because personal identifiers were not included in the data provided to the CDC.
The SummerStyles survey was sent to the same persons who participated in Porter Novelli's SpringStyles survey during March and April 2014. The SpringStyles survey was distributed to a random sample of 7873 panelists (18 years) and a supplemental sample of 3145 panelists with children aged 12 to 17 years to make sure adequate dyad cases for the SummeryStyles survey; 6713 completed the survey, yielding a response rate of 60.9%. The SummerStyles survey was sent to a random sample of the 6159 adults who completed the SpringStyles survey during June and July 2014. A total of 4269 adults completed the SummerStyles survey, yielding a response rate of 69.0%. The data were weighted based upon age, sex, race/ethnicity, education level, household income, household size, census region, metro status, and prior Internet access to match with US Current Population Survey proportions.
Of those 4269 adults who completed the SummerStyles survey, a total of 106 adults were excluded because of missing data on SSBs (n ¼ 68, 2.0%) or exposure variables (n ¼ 38, 1.6%; ie, knowledge of the 6 SSB-related health conditions), leaving an analytic sample of 4163 adults. There were no differences in age, sex, race/ethnicity, education level, marital status, annual household income, weight status, and census region of residence between the final analytic sample and those who were excluded.
Outcome Variable
The outcome of interest was total SSB intake. Frequency of SSB intake was determined by the following 4 questions: (1) "During the past month, how often did you drink REGULAR SODA or pop that contains sugar? Do NOT include diet soda"; (2) "During the past month, how often did you drink COFFEE, including lattes, and TEA, including bottled tea, that was sweetened with sugar or honey? Do not include drinks with things like Splenda or Equal"; (3) "During the past month, how often did you drink SPORTS and ENERGY drinks such as Gatorade, Red Bull, and Vitamin water?"; and (4) "During the past month, how often did you drink sweetened fruit drinks, such as Kool-aid, cranberry cocktail, and lemonade? Include fruit drinks you made at home and added sugar to." For each question, response options were none, 1-6 times/wk, 1 time/d, 2 times/d, 3 times/d, 4 times/d. To calculate daily intake, 1-6 times/wk was converted to 0.5 times/d (3.5 divided by 7), and 4 times/d was converted to 4 times/d. To calculate the frequency of total daily SSB intake, we summed the responses from intake of regular soda, sweetened coffee/tea drinks, sports or energy drinks, and fruit drinks. Four mutually exclusive categories (0, >0 to <1, 1 to <2, or 2 times/d) were created for total SSB intake.
Exposure Variables
The main exposure variables were knowledge of 6 SSB-related health conditions determined by the following question: "Which of the following conditions do you think are related to drinking sugary drinks, such as regular sodas, fruit drinks (eg, Kool-Aid, lemonade), sports or energy drinks (eg, Gatorade, Red Bull), and sweetened teas?" Respondents were asked to choose one or more health conditions: weight gain, diabetes, cavities, high cholesterol, heart disease, and high blood pressure (hereafter referred to as hypertension).
Covariates
Mutually exclusive response categories for each covariate were created. Sociodemographic variables were age (18-24 years, 25-44 years, 45-64 years, and 65 years), sex, race/ ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, or non-Hispanic other), education level (<high school, high school, some college, and college graduate), and marital status (married/domestic partnership and not married). Not married included widowed, divorced, separated, or never married. Annual household income was categorized as <US$35 000, US$35 000-US$74 999, US$75 000-US$99 999, or US$100 000. Using self-reported weight and height data, weight status was categorized as underweight/normal weight (BMI <25 kg/m 2 ), overweight (BMI 25-<30 kg/m 2 ), or obese (BMI 30 kg/m 2 ). 24 Census region of residence was categorized as Northeast, Midwest, South, and West. 25 
Statistical Analysis
Chi-square tests were used to examine the bivariate relationships between SSB intake, knowledge of the 6 SSB-related health conditions, and sociodemographic characteristics, with a P value of <.05 indicating statistical significance. Independent, multinomial logistic regression analyses were used to estimate adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for the odds of consuming SSBs 2 times/d among those who did not have knowledge of the SSB-related health condition versus those who did have knowledge. While the outcome variable of SSB intake had 4 categories, adjusted ORs were provided for only highest SSB intake group (2 times/d) using 0 times/d as the reference group in order to compare high versus no SSB intake groups. Each logistic regression model included 1 health condition due to possible collinearity among the 6 health conditions and controlled for age, sex, race/ethnicity, education level, marital status, annual household income, weight status, and census region of residence. All statistical analyses were executed with the Statistical Analysis Software (SAS; version 9.3; SAS Institute Inc, Cary, North Carolina) and integrated appropriate procedures to account for the sample design by using SURVEYFREQ and SURVEYLOGISTIC with WEIGHT statements.
Results
Among the 4163 adults included in the analytic sample, 37.8% of adults reported drinking SSBs at least twice a day during the past month (Table 1) . SSB intake significantly differed by age, sex, race/ethnicity, education level, annual household income, weight status, and census regions of residence (w 2 tests, P < .05). Within sociodemographic groups with significant differences, the proportion of adults who consumed SSB 2 times/d was highest among adults aged 25-44 years, males, Hispanics, those with high school education, those with annual household income of <US$35 000, adults with obesity and those living in the South (Table 1) .
Although the majority of adults knew that weight gain (80.2%), diabetes (73.6%), and cavities (71.8%) are associated with drinking SSBs, fewer adults knew that high cholesterol (24.1%), heart disease (31.5%), and hypertension (33.0%) are associated with drinking SSBs. Additionally, knowledge of the 6 SSB-related health conditions significantly differed by certain sociodemographic characteristics (w 2 tests, P <.05). For example, though knowing that weight gain is associated with SSB intake differed significantly by age, sex, race/ethnicity, education level, marital status, annual household income, weight status, and census region of residence, knowing that hypertension is associated with SSB intake varied significantly by education level and weight status ( Table 2) .
Based on bivariate analyses, SSB intake significantly varied by knowledge that weight gain, diabetes, cavities, and heart disease are related to SSB intake (w 2 tests, P <.05). Results of multinomial logistic regression analyses demonstrated that compared to non-SSB consumers, the odds of consuming SSBs 2 times/d were significantly higher among adults who did not know that heart disease is related to drinking SSBs (OR ¼ 1.29) versus those who knew, after controlling for covariates. However, knowledges on other health conditions were no longer significantly associated with consuming SSBs 2 times/d after controlling for covariates (Table 3) .
Discussion
The present study found that although the majority of adults knew that weight gain, type 2 diabetes, and cavities are associated with drinking SSBs, fewer adults knew that high cholesterol, heart disease, and hypertension are associated with drinking SSBs. Based on unadjusted analyses, knowing weight gain, diabetes, cavities, and heart disease are related to drinking SSBs were each associated with SSB intake. However, after controlling for covariates, only adults who did not know that heart disease is related to drinking SSBs had higher odds of being high SSB consumers, as compared to those who had this knowledge. Inconsistent with our findings, a previous study found a significant association between knowledge that drinking SSBs can contribute to weight gain and high SSB intake (2 times/d). However, knowledge of energy content in a 24-oz fountain drink was not associated with high SSB intake among US adults. 19 About 2 in 3 adults reported drinking SSBs at least once a day, and almost 2 in 5 adults drank them at least twice a day in the present study. The prevalence of consuming SSBs at least once a day in our study (68.3%) was somewhat similar to a previous study using 2010 National Health Interview Survey data (63.9%) among US adults. 26 However, the prevalence of high SSB intake (2 times/d) was much higher in our study (37.8%) than a previous study using 2010 HealthStyles survey data (20.0%). 19 The discrepancy between studies could be partially because of a difference in survey methods (ie, mail vs online surveys). Nonetheless, this higher level is concerning because of the calories and added sugars it could add to the diet. For example, consuming two 12-oz (355 mL) cans or two 20-oz (591 mL) bottles of regular soda per day could provide 310-516 kcal of extra calories or 74-122 grams of added sugars per day. The lack of association found between knowledge of SSBrelated health conditions (except heart diseases) and high SSB intake in the present study could be partially due to the fact that knowledge on SSB-related health conditions alone during adulthood may not be adequate for behavior change related to SSBs. Future studies should identify barriers or facilitators of behavior changes in addition to improving knowledge. It is possible that adults may consider heart disease as a serious health condition and individuals might only try to reduce SSB intake if they think the disease is serious or perhaps having that level of knowledge may imply a high health literacy level. Another possibility is that people may not consider certain chronic conditions to be serious problems because they are highly prevalent in the US population. For instance, almost 2 in 5 US adults (aged 20 years) were classified as having obesity in 2013-2014, 1 90.9% of US adults aged 20-64 years had dental caries in permanent teeth, and 27% had untreated dental caries in 2011-2012. 28 In a prior study of SSB intake and health literacy using the Newest Vital Sign tool, in which participants view nutrition information label and respond how they would interpret and act on the information, limited health literacy was associated with higher SSB intake among adults living in the rural Lower Mississippi Delta. 18 Educating adults on the adverse health impact of frequent SSB consumption may be still important because previous studies reported beneficial effects of nutrition education on improving knowledge or SSB intake. 18, 19, 23, 29 For example, an experimental study found that when concrete sugar-content information was presented to subjects (ie, image with sugar cubes that represents sugar content in a cola), attractiveness of SSBs and intention to consume SSBs decreased versus when no sugar-content information was provided. 23 Another study conducted in 2381 US adults reported that having a safety warning label on beverage bottles, such as "Drinking beverages with added sugars contributes to obesity, diabetes, and tooth decay," improved parents' understanding of the harmful effects of frequent SSB intake and decreased parents' intention to purchase SSBs for their children. 29 Despite a large sample, there are several limitations in the present study. First, the SummerStyles survey is a cross-sectional survey, so causality cannot be determined. Second, because the SummerStyles survey data are self-reported, they are subject to recall and social desirability bias. Third, although the data were weighted to key demographic distributions from the US census, the initial sample is selected from persons willing to be part of the larger knowledge panel, thus findings might not be generalizable to the entire US adult population. Finally, SSB intake was measured in frequency instead of volume of intake; thus, the amount of SSBs consumed cannot be calculated.
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In conclusions, most adults reported knowing that SSB consumption was associated with weight gain, diabetes, and cavities. The proportion of adults who knew that drinking SSB is associated with cardiovascular disease (ie, high cholesterol, heart disease, and hypertension) was much lower than the proportion that knew that drinking SSBs is associated with other health conditions (ie, weight gain, diabetes, and cavities), and knowledge significantly differed by certain sociodemographic characteristics. Our finding that knowledge of SSB-related health conditions was not associated with high consumption of SSBs, except heart disease, suggests that knowledge alone as an aspect of health literacy may not be sufficient for adult behavior change. Additionally, there might be other health literacy concepts related to SSB intake that are important aside from adverse health outcomes that may occur in the distant future. Understanding what types of knowledge influence SSB intake could help in the design of interventions to reduce their consumption.
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SO WHAT? Implications for Health Promotion Practitioners and Researchers
What is already known on this topic?
Individual knowledge and health literacy, perception, attitudes, and societal norms can influence obesity and weight-related behaviors, such as sugar-sweetened beverage (SSB) consumption. Although previous studies explored relationships between health-related knowledge and SSB consumption among adults, types of health-related knowledge examined varied widely among studies and findings are somewhat mixed.
What does this article add?
Although most adults identified that weight gain, diabetes, and cavities are related to drinking SSBs, fewer adults identified high cholesterol, heart disease, and hypertension as being related to drinking SSBs. After adjustment for covariates, only lack of knowledge of the association between heart disease and SSBs was significantly associated with consuming SSBs 2 times/d (OR ¼ 1.29) than non-SSB consumers.
What are the implications for health promotion practice or research?
The finding that knowledge of SSB-related health conditions, in general, was not associated with high SSB intake suggests that knowledge on SSB-related health conditions alone may not be sufficient for adult behavior change. Understanding what types of knowledge influence SSB intake could help in the design of interventions to reduce their consumption.
